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Abstrat
An algorithm for omputing pi(N) is presented.It is shown that using a sym-
metry of odd omposites we an easily ompute pi(N).This method relies on the
fat that ounting the number of odd omposites not exeeding N sues to
alulate pi(N).
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Introdution
The problem of nding a ompat mathematial formula for pi(N) is well known
[1℄.Though no ompat result has been reported till date, a number of au-
rate/fairly aurate algorithms exist [2,3,7,8℄ among whih the prime number
theorem [4℄ and the funtion Li(x) [3℄ require speial mention.Wilson's theorem
[5℄ seems to be unique,however,like all reportings so far it has a low pratial
utility. Reently a result has been reported using Smarandahe Funtions[6℄
whih too however has a low pratial utility.
In the present paper we develope a omputational algorithm based on a er-
tain symmetry of odd omposites.This is the main essene of the present piee
of work.
The Algorithm
A. General Formulation
Among all natural numbers we know that
i) All even numbers exept 2 are omposite.
ii)All odd omposites an be fatorised into odd primes only.
iii)Unity is neither prime nor omposite.
Therefore we have
pi(N) = N - ne() - no() - 1 ........... (1)
where
ne() and no() give respetively the number of even and odd omposite
numbers not exeeding N.Without the loss of generality we assume N≥2.
Now we have
ne() = Floor (
N
2 - 1 ) .............(1a)
To obtain no() let us refer to the multipliation table of odd natural num-
bers ≥3 as shown in Table-II. It shows a very small setion at the top left hand
orner of the innite multiplition table.
It an be shown that all odd omposites our at least one within Table -
II whose general term is given by
tn,r = ( 2n + 1 )
2
+ 2 ( r - 1 ) ( 2 n + 1 ) = ( 2 n + r )
2
- ( r - 1 )
2
....................(2)
where both n and r are natural.
We further see that for eah 'n' value we have an A.P originating at ( 2n + 1)
2
with a ommon dierene 2 ( 2 n + 1 ). The terms of the A.P for eah 'n' are
2
assumed to onstitute a set represented as
{ tn,r } = { x : x = (2 n + r )
2
- ( r - 1 )
2
}
where r varies from 1 to
r|max = Floor (
1
2(2n+1) ( N - ( 2n+1)
2
) + 1 ) .................. (3a)
for a given n i.e for a given set { tn,r }.
Thus,
no(  ) =
∑
Floor (
N−(2n+1)2
2(2n+1) + 1 ) - λc ..................(4a)
where the sum is over n from 1 to
n|max = Floor (
√
N−1
2 ) ......... (3b).
Here λc is a orretion term whih we would disuss shortly.
B.Corretions
B1. The Summation
For a omposite (2nr+1),all the terms arising from the summation in (4a) or-
responding to n=nr would be a dupliation of some previously ouring term
for some n = ns < nr .Therefore we shall restrit ourselves to only those values
of nr for whih (2nr + 1) is prime.
Following the disussions as above we an reast the summation part of (4a) as
no() =
∑R
i (Floor
N−(2ni+1)2
2∗(2ni+1) +1)-λc...(4b)
where we restrit the sum for a prime (2ni+1). Here the sux R denotes the
sum over the restrited sets of the values of n's.The primality of (2ni+1) an be
asertained using the symmetry we mentioned.We do not aept those values of
nk for whih
1
2 ( tn,r -1 ) = nk ≤nmax for r ≤ rmax as given by (3a) and (3b).
As will be shown in a latter artile [ 9 ℄ all omposite (2ni + 1 ) an be expressed
as a dierene of two squares following eqn. (2) .
Alternatively the primality ould be determined using Wilson's theorem[5℄.
B2. Evaluation of λc
The need of λc arises from the fat that for dierent n values the sets { tn,r}
oinide at ertain points.
Now one the summation in (4a) be restrited we shall also require to restrit
the evaluation of λc.
Restriting ourselves to those values of nr for whih (2nr+1) is prime we an
evaluate λc using the set theoreti formula
3
n(A1
⋃
A2
⋃
....
⋃
Ak) =
∑
n(Ai)-
∑∑
n(Ai
⋂
Aj)+
∑
n(Ai
⋂
Aj
⋂
Ak) - ....... (5)
where n(X) denotes the ardinality of set X.
Here summations over all indies an range from 1 to nmax with the restrition
i < j < k ... and so on.
Let us dene the following notations:
For intersetion of two A.P's let
t
(1)
n1,n2 be the rst ommon term of { tn1,r} and { tn2,r } while
( .d )n1,n2 be the ommon dierene of the ommon terms
For intersetion of more than two A.P's the notation is idential.
It an be shown that
a ) For two A.P's
t
(1)
n1,n2= (2n1+1 )* ( 2n2 + 1 ) * { 3 + 2 * Ceil [ Z ℄* H [ Z ℄ } ... (6a)
where
Z =
1
2 (
2n2+1
2n1+1
- 3 )
and
(  . d )n1,n2= 2 * ( 2n1+ 1 ) * ( 2 n2 + 1 ) ... (6b)
Here H [ Z ℄ denotes the Heaviside Step Funtion dened by
H[z℄= 1 , z > 0
=
1
2 , z=0
= 0 , z < 0
b ) For more than two A.P's
t
(1)
n1,n2...nk=
∏
k
i=1 ( 2ni+ 1 ) * ( 1 + 2 * Ceil ( Q) * H [ Q ℄ ) ...(7a)
where
Q =
1
2 (
(2nk+1)
2
∏
k
i=1
(2ni+1)
- 1 )
and
( .d )n1 , n2, ..., nk = 2 *
∏k
i=1( 2ni + 1 ) ...(7b)
Using (5),(6a),(6b),(7a) and (7b) we get
λc=
∑nmax
r=2 (-1)
r
∑
R
∑
R
...
∑R
(Floor(B)+1)*H[B+ε℄ ...(8)
where
i)The summations run over all restrited sets of n values,one for eah set with
n1 < n2 < n3 ..... < nk
ii)ε is a positive number,however small.It will be negleted at the last stages.
iii)We have
4
B =
N−t(1)n1,n2,...,nr
(c.d)n1,n2,...,nr
The Heaviside funtion restrits the numerator to non-negative values.
Using (1),(1a),(4b),(5), and (8) the result follows.
Though equation (8) seems to have many steps in pratie it would be quite
limited as one the result given by (6a) and (7a) exeeds N,higher nr terms
would be in general very very limited in number.
The Results
The results as obtained from the above mentioned algorithm are given in Table
I.It is seen that the value of pi(N) is exatly reprodued.This establishes the
orretness of the above mentioned algorithm.
To illustrate the method let us evaluate pi(100).We have
from (3b) : nmax=4
Now,to alulate pi(100) we need to know all primes till
√
100=10.
Corresponding to n=4 we get (2n + 1)=9 < 10 whih is a omposite.
So we do not onsider n=4.
Proeeding:
from ( 1a ): ne()=Floor(
100
2 − 1) = 49
from (4b):no()= 16+8+4=28
from ( 8 ):λc=2+1=3
Therefore from (1) we have pi(100) = 100 - 49 - 28 + 3 - 1 = 25
Conlusion
The formula for pi(N) as established seems ompliated at rst sight.However
the symmetry of natural numbers used, the neessity of introdution of λc
and the simple set-theoreti presription for its evaluation makes the present
method quite tratable. However, like the well known Sieve algorithm [8℄ this
method too requires the knowledge of all primes till
√
N to evaluate pi(N) .The
number of steps is muh redued as we use the symmetry of natural numbers
throughout, rst to determine primality of (2ni+1) if the same is not already
known and afterwards for the nal evaluation of pi(N) in omparison to the
Sieve Algorithm.Refering bak to the symmetry of odd omposites that we had
mentioned,the symmetry is more learly evident if we use the binary base of
representation speially in Table II.This is evident from the fat that the om-
mon dierene of the ommon dierenes in Table II equals base squared. It is
believed that this ould be a suitable method to determine pi(N).
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TABLE : I
Results of determination of pi(N)
N pi(N) Estimated value
10 4 4
100 25 25
1000 168 168
TABLE : II
Multipliation Table of odd natural numbers
3 5 7 9 11 Common Dierene
3 9 15 21 27 33 6
5 25 35 45 55 10
7 49 63 77 14
Common Dierene 4 =2
2
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